Seeding the most influential individuals based on the contact structure can substantially enhance the extent of a spread over the social network. Most of the influence maximization literature assumes the knowledge of the entire network graph. However, in practice, obtaining full knowledge of the network structure is very costly. We propose polynomial-time algorithms that provide almost tight approximation guarantees using a bounded number of queries to the graph structure. We also provide impossibility results to lower bound the query complexity and show tightness of our guarantees. We consider the widely-studied independent cascade model of social contagion whereby each active agent has a single chance to activate each of its neighboring agents with probability p, independently at random. Motivated by applications to product and technology adoption, we refer to activated nodes as adopters. Starting from a set of initial adopters, following the independent cascade model, the adoption propagates through the network and the process terminates after finite number of steps. The k-Influence Maximization, or k-IM problem, refers to the choice of k initial adopters to maximize the expected number of adoptions. Let L be the optimum value for this problem. A µ-approximation algorithm outputs a set of k initial adopters to guarantee that the expected number of adoptions is at least µL. In this work we assume a query oracle to the edges of the network graph. In particular, a query is of the form (v, i) and returns the i'th edge of vertex v, where the edges are ordered arbitrarily.
We consider the widely-studied independent cascade model of social contagion whereby each active agent has a single chance to activate each of its neighboring agents with probability p, independently at random. Motivated by applications to product and technology adoption, we refer to activated nodes as adopters. Starting from a set of initial adopters, following the independent cascade model, the adoption propagates through the network and the process terminates after finite number of steps. The k-Influence Maximization, or k-IM problem, refers to the choice of k initial adopters to maximize the expected number of adoptions. Let L be the optimum value for this problem. A µ-approximation algorithm outputs a set of k initial adopters to guarantee that the expected number of adoptions is at least µL. In this work we assume a query oracle to the edges of the network graph. In particular, a query is of the form (v, i) and returns the i'th edge of vertex v, where the edges are ordered arbitrarily.
We study the k-Influence Maximization problem with limited number of (edge) queries. Our first result shows that in the worst case one needs to query Ω(n 2 ) edges to guarantee that the expected number of covered vertices is at least a constant fraction of that of the optimum solution.
Theorem (Lower bound on reqired edge qeries). Let µ be any constant. There is no µ-approximation algorithm for influence maximization using sub-quadratic number of queries.
This result extends the previous result of Wilder et al., 2018 , that lower-bounds the number of vertices needed to be queried. Moreover, as opposed to the previous work of Wilder et al. the number of covered vertices in our hard example is linear in the total number of vertices. This means that our impossibility result holds even if, for some ϵ ≪ µ, an ϵn additive loss is tolerated.
Indeed, the hard example used in our impossibility result is adversarially tuned to require Ω(n 2 ) queries. In particular, we set the cascade probability p to 1. Although one can adjust the hard example to work for smaller constant cascade probabilities, the example fails when p is sub-constant. In fact, in many realistic applications of the k-Influence Maximization problem, the cascade probability is relatively small. For example, if someone tweets about a product, not all of her Twitter followers are subjected to this influence, or convinced to buy, or retweet about it.
One natural question that arises here is to study relation between the required number of queries and the cascade probability. In particular, is it possible to find an approximately optimal seed set using sub-quadratic number of queries when p is desirably small? We resolve this question by developing a non-trivial, dependent sampling of the edges of the network that approximately preserves the solution of the k-Influence Maximization problem.
Theorem (Approximation Guarantee with bounded edge qeries). For any arbitrary 0 < ϵ ≤ 1, there exist a polynomial-time algorithm for influence maximization that covers (1 − 1/e)L − ϵn nodes in expectation, usingÕ ϵ (pn 2 + √ pn 1.5 ) queries, where L is the expected number of nodes covered by the optimum seed set.
To achieve this result, we apply some subsampling and stopping constraints that enable us to approximately simulateÕ(k) independent realizations of the cascade over the network, using onlỹ O(pn 2 + √ pn 1.5 ) queries. Notice that a single simulation of cascade over the entire network (without using our subsampling and stopping constraints) requires Ω(pn 2 ) queries. We also provide a fast implementation of our algorithm with running time linear in the number of queried edges. At the end, we conclude our results by presenting a complementary model of querying the spreading process. In this model, we assume that we can pay a cost to learn the outcome of a spreading process when a node is seeded. Accordingly, we learn the identity of the final adopters, but we do not observe the network edges through which the influence spread. Repeating this process r times we observe r independent outcomes from seeding r (potentially different) nodes. We refer to this setup as spreading query. 1 Interestingly, we show that running the spreading process O(k 2 ) times is enough to provide a k-IM solution with almost tight approximation guarantees. For example on a star, with high probability all of our spreading queries are leaves of the star. However, based on the results of the queries our algorithm finds and seeds the center of the star. 2 Theorem (Approximation Guarantee with bounded spreading qeries). For any arbitrary 0 < ϵ ≤ 1, there exist a polynomial-time algorithm for k-influence maximization that covers (1 − 1/e)L − ϵn nodes in expectation using no more thanÕ ϵ (k 2 ) spreading queries.
To complement this, we show that an additive loss (e.g. ϵn) is necessary, given o(n) queries.
Theorem (Lower bound on reqired spreading qeries). Let µ be any constant. There is no µ-approximation algorithm for influence maximization using o(n) spreading queries.
1 Note that such queries are just used to learn the network, i.e., to find a seeding strategy of size k . In practical terms, one can seed a random individual with cheap traceable coupons that she can distribute to the people under her influence, and so forth. We can then observe the adoption status of the entire network by observing the use of the coupons. 2 Note that the number of queries depends poly-logarithmically on n, and hence in the case that k is poly-logarithmic, our algorithm only requires poly-logarithmic number of spreading queries to find an almost efficient seeding strategy for the entire network.
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